Isozyme variation in nine enzyme systems was assayed in five populations of E. spinosa representing all known occurrences of this species in Australia. All populations were monomorphic for all enzyme systems indicating each population was composed of a single, homozygous genotype. However, there were genetic differences among populations for three enzyme systems. Three of the five populations were distinguishable on the basis of the variable enzyme systems, the remaining two being identical. These results are discussed in relation to the history of introduction of E. spinosa into Australia and its potential for biological control.
Introduction
Emex spinosa (L.) Campd. (little jack), a native of the Mediterranean region (Steinheil 1838) , was first recognized in Australia in 1953. However, it appears to have been introduced into the Mullewa area in Western Australia prior to the 1930's (Gilbey 1974 ) and into Queensland prior to 1953 (S. L. Everist, personal communication). The first recorded sightings in South Australia were at Port Pirie in 1973 and the Eyre Peninsula in 1974 and in Victoria at Merbein in 1974 (Gilbey 1974; Weiss and Julien 1975) . Whether the populations in Queensland, South Australia and Victoria came from Western Australia or represent separate introductions from overseas is currently unknown (Weiss and Simmons 1979) .
Although its present distribution is restrict(ld, E. spinosa is potentially a very serious weed of crops and pastures in many areas of Australia (Weiss 1977; Weiss and Simmons 1977) . First, it has the potential to colonize areas already occupied by the widely distributed and related species E. australis Steinh. (Weiss 1977; Weiss and Simmons 1977) . Second, it has smaller seeds (achenes) than E. australis and these are more difficult to clean from wheat and barley. Biological control of both E. spinosa and E. australis by the South African weevil Perapion antiquum (Gyllenhal) has been successful in Hawaii (Fullaway 1958; Nakao 1966) , but it has been largely unsuccessful in Australia (Gilbey and Weiss 1980) . Other organisms and other strains of P. antiquum are currently being investigated in an attempt to control these species (Julien 1980) . The present paper reports the levels of isozyme variation within and among the five known colonies of E. spinosa in Australia. This study was undertaken to provide new insights into the origins of E. spinosa in this country and to establish if there are any genetic differences among the existing E. spinosa populations which might influence the effectiveness of the biological control of this species.
Materials and Methods
Bulk samples of seed were collected from each of the five populations of E. spinosa at a range of sites covering the geographic distribution of each population in 1975 (Fig. 1) . Fifty seeds per population were used to analyse isozymic variation in nine enzyme systems.
Extracts for electrophoresis were prepared by grinding individual seeds, previously germinated on moist filter paper and removed from their spiny pericarp, in two drops of 0·05 M phosphate buffer, pH 7· 0, containing dithiothreitol at a concentration of 2 mg/ml. The crude extract was absorbed on thick paper chromatography wicks (6 by 4 mm) which were then inserted in a single sample slot in a horizontal starch gel. Electrophoresis was carried out in one continuous (histidine) and two discontinuous (Tris/citrate and lithium/borate) systems. Details of these systems may be found in Broue et al. (1977) , Moran and Marshall (1978) , and Brown et al. (1978) . On completion of electrophoresis each gel was cut horizontally into three slices and the anodal portion of each slice was assayed for a different enzyme. Arylesterase (EC 3.1.1.2, EST), aminopeptidase (cytosol) (EC 3.4.11.1, AMP) and glutamate-oxalate transaminase (aspartate aminotransferase, EC 2.6.1.1, GOT) were detected on lithium/borate gels, alcohOl dehydrogenase (EC 1.1.1.1, ADH), dihydrolipoamide dehydrogenase (EC 1.6.4.3, DHD) and NAD(P)H dehydrogenase (quinone) (EC 1.6.99.2, NAD) were,demonstrated on Tris/citrate gels, and malate dehydrogenase (EC 1.1.1.37, MDH), dipeptidase (EC 3.4.13.11, PEP) and phosphoglucomutase (EC 2.7.5.1, PGM) were detected on histidine gels. The staining procedures were generally similar to those described by Brewer and Sing (1970) and Brown et al. (1978) . The exception was NAD(P)H dehydrogenase (quinone) which was visualized using a staining procedure based on the assay technique of Wosilait and Nason (1954) . The staining solution in this case contained 100 ml water, 10 ml of 1·0 M phosphate buffer, pH 7·0,20 mg reduced fi-nicotinamide adenine dinucleotide (NADH), 20 mg phenazine methosulfate (PMS) and 50 mg methylnaphthoquinone.
Results and Discussion

Within-population Variation
All plants within each population had identical zymograms for the nine enzymes surveyed indicating that Australian popUlations of E. spinosa are genetically homo-geneous. A total of 15 bands or sets of bands were scored for the nine enzyme systems (one each for AMP, ADH, and NAD and two each for PGM, PEP, DHD, EST, GOT and MDH). Assuming each of these bands or sets of bands is coded for by a different structural locus, these data indicate that each individual in these populations is homozygous for at least 15 different enzyme loci. The present results, therefore, contrast sharply with those of most of the previous electrophoretic surveys of soluble proteins which have shown that most plant populations are highly variable genetically (reviews in Brown 1979; Hamrick et al. 1979) . However, they are in accord with the results of Moran (1975) , Moran and Marshall (1978) and who found that Australian populations of three other introduced weed complexes were largely or completely monomorphic for enzyme marker loci. They are also in accord with a number of overseas studies which indicate that populations of introduced exotics are often genetically depauperate (Brown and Marshall 1981) . The lack of variation in Australian populations of E. spinosa may reflect the fact that stands of this species in its native habitats normally contain little variation. Alternatively, it may reflect the fact that only a small fraction of the variation usually present in Mediterranean populations of this species was introduced into Australia (founder effect), or if variation was introduced, it was lost due to drift and/or natural selection during the early colonizing period in Australia. Because E. spinosa is a noxious weed, import restrictions make it impractical to obtain sufficient material to determine the genetic structure of Mediterranean populations of this species in detail. However, we were able to obtain small samples from two overseas population~one from Portugal and one from Morocco-from ,seeds imported for biological control testing. Analysis of 10 seeds from each, of these populations indica.ted that the Portugal population was polymorphic for phosphoglucomutase ( Fig. 2) and the Morocco population was polymorphic for malate dehydrogenase. These data, limited as they are, suggest that Mediterranean populations of E. spinosa are genetically variable and that the depauperate genetic structure of Australian populations of this species probably results from the small size of the founder popUlations.
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The genetic uniformity of local populations of E. spinosa also suggests that this species, although monoecious, is often predominantly self-pollinated. High levels of viable seed set on single plants grown in isolation in a glasshouse and the low frequency of heterozygotes (10,0%) at the polymorphic Pgm 1 locus in the Portugal population also support this suggestion. On the other hand, previous studies indicated that up to 54% of the progeny of E. australis plants growing in mixed populations with E. spinosa were interspecific hybrids (Putievsky et al. 1980) , indicating that this species also outcrosses readily. Taken together these results indicate that E. spinosa has a highly flexible mating system. Unfortunately, the lack of polymorphism within local populations precludes the estimation of mating system parameters.
Among-population Variation
Despite the total lack of intrapopulational isozyme variation in E. spinosa there were genetic differences among populations (e.g. Fig. 2 ). At three loci specifying three different enzymes-dipeptidase (Pep 2), phosphoglucomutase (Pgm 1) and dihydrolipoamide dehydrogenase (Dhd i)-some populations were fixed for one allele and others were fixed for an alternate allele. For example, the Merbein population was fixed for the slow (S) allele at each of the three variable loci and the Mullewapopulation was fixed for the alternate fast (F) allele in each case. The genotypes of lhe "plants in each population for these variable systems are given in Table 1 . It will be noted that three of the five populations are distinguishable on the basis of the three polymorphic enzyme loci. Only Port Pirie and Mullewa are genetically identical at all loci. 
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The fact that the Port Pirie population is genetically identical to that at Mullewa indicates that it might be a subcolony of the original introduction in Western Australia but does not preclude the possibility of separate introductions. On the other hand, the fact that the other three populations in Victoria, Queensland and the Eyre Peninsula of South Australia are genetically distinct, both from the original Western Australian introduction and each other, strongly suggests that they represent independent introductions into Australia from overseas. This suggestion is supported by the studies of Weiss and Simmons (1979) who found that individuals from the Queensland population differed in a number of morphological attributes from those from the Victorian and Eyre Peninsula populations. The alternative explanation that the original introduction into Western Australia was highly polymorphic, gave rise to subcolonies in three other States and then, in recent years, lost its variability, seems less plausible.
The conclusion that there have been at least four independent introductions of E. spinosa into Australia over the last [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] years has a number of important practical implications. First, it suggests that Australia's quarantine regulations, which are now amongst the most stringent in the world, should not be relied upon exclusively to prevent the introduction of pre-adapted exotic weeds. Evidence that indicates that four different races of Noogoora burr~ Xanthium strumarium (Moran 1975) , and three different races of skeleton weed, Chondrilla juncea (Hull and Groves 1973) , have been independently introduced into Australia at different times and places also supports this suggestion. There is a need for a strong national program to identify and control by chemical or biological means newly introduced weeds, once they are recognized, to complement our quarantine effort. Second, past experience indicates that biological control programs against introduced weeds are more likely to be successful if the organism to be controlled is relatively uniform genetically . As the relatively small disjunct populations of this species spread there will be increasing opportunities for interpopulational mixing and hybridization. This would lead, at least in the short term, to the development of polymorphic populations of E. spinosa and provide the opportunity for the evolution of new weed genotypes better adapted to Australian conditions. The possibility of the evolution of new, more vigorous types of this species is further enhanced by the fact that E. spinosa readily hybridizes with the closely related and more widespread E. australis where they occur together (Putievsky et al. 1980) . The lack of intrapopulation isozyme variation in E. spinosa suggests, therefore, that current efforts to control this species biologically merit a high priority as its present population structure maximizes its genetic vulnerability to diseases and pests.
